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TECHNICAL ABSTRACT

In 1999, the U.S. Geological Survey and the Southern California Earthquake Center
collected refraction and low-fold reflection data along a 150-km-long corridor extending from
Santa Monica Bay northward to the western Mojave Desert. This profile was part of the second
phase of the Los Angeles Region Seismic Experiment (LARSE 1I). Chief imaging targets
include sedimentary basins beneath the San Fernando and Santa Clarita Valleys and the deep
structure of major faults along the transect, including the Northridge, San Fernando, San Gabriel,
and San Andreas faults. Tomographic modeling of first arrivals using the methods of Hole
(1992) and Lutter (1999) produce velocity models that are similar to each other and are well
resolved to depths of 5 to 7.5 km. These models, together with of reflectivity suggest that the
Cenozoic sedimentary basing underlying the San Fernando Valley and the northern Santa Clarita
Valley {north of the San Gabriel fault) reach maximum depths of 5-6 km and 3.5-4.5 km,
respectively. The western Mojave Desert (Antelope Valley) is also underiain by a prominent
sedimentary basin with an interpreted maximum depth of 2.5-3.5 km. Velocities of "basement"
rocks appear to average 5.75-6.0 kny/s in the shallow crust beneath the Santa Monica Mts and the
southern part of the central Transverse Ranges. In the northern part of the central Transverse
Ranges, they are lower in velocity, 5.5-5.75 km/s. The San Andreas fault separates differing
velocity structures between the central Transverse Ranges and the Mojave Desert, where
relatively lower velocities in the Mojave Desert at shallow depths become relatively higher at 5
km depth. The San Andreas fault has a poorly constrained steep dip. A weak low-velocity zone
beneath the southern Santa Susana Mts is centered approximately on the north-dipping
aftershock zone of the 1971 San Fernando earthquake and may represent fracturing in the
hanging wall of the San Fernando fault.
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NON-TECHNICAL ABSTRACT

We have used 20,000 first-arrival travel-times to construct tomographic 2-D and 3-D
velocity models along the main line of the 1999 Los Angeles Region Seismic Experiment
(LLARSE II) transect that image the upper 7.5-10 km of the crust. Our velocity models, along
with reflectivity models and oil-well data, provide constraints on the depth and configuration of
sedimentary basins imaged beneath the San Fernando, Santa Clarita, and Antelope Valleys.
These images provide valuable static corrections for reflection processing and teleseismic
studies, can provide velocity constraints for strong motion studies and can be used with
Jaboratory rock measurements for interpretation.




INTRODUCTION

Southern California is a region of great earthquake hazard where determination of
sedimentary basin structure and location of subsurface faults can provide important information
for hazard mitigation. Two damaging earthquakes in the area of the San Fernando Valley, the
1971 M 6.7 San Fernando and the 1994 M 6.7 Northridge earthquakes, have motivated further
efforts to image deep structure of the San Fernando Valley. To address these issues, Seventy-
eight explosive sources were recorded by ~1000 receivers along the main line in this corridor
(Line 2), which crosses, from south to north, the Santa Monica Mts, San Fernando Valley, Santa
Susana Mts, Santa Clarita Valley, central Transverse Ranges, Mojave Desert, and Tehachapi
Mts.

A similar experiment was conducted in 1994 (LARSE 1) along a corridor through the
east-central Los Angeles region, traversing the Los Angeles basin, San Gabriel Valley, San
Gabriel Mountains, and Mojave Desert. Inverse and forward modeling of first arrivals (Lutter et
al., 1999; Fuis et al., 2001) provided an image of velocity structure that when combined with oil-
well data (Brocher et al., 1998), and laboratory rock-velocity measurements (McCaffree Pellerin
and Christensen, 1998) has constrained interpretation of basin depth (Los Angeles and San
Gabriel Valley basins), the geometry of the Sierra Madre fault at depth and the subsurface lateral
extent of the Pelona schist. A study of reflectivity (Ryberg and Fuis, 1998; Fuis et ai., 2001) has
identified a gently north-dipping bright reflective layer in the mid-crust of the San Gabriel Mts.
that is interpreted as a fracture zone containing fluids. This fracture zone is interpreted to be part
of a decollement connecting the San Andreas fault with reverse faults to the south, including the
Sierra Madre fault and the causative fault for the 1987 M 5.9 Whittier Narrows earthquake (Fuis
et al., 2001).

In this study, we have produced 2-D velocity models based on inversion of first arrivals
using damped least-squares and smoothing constraint inversion methods as described by Lutter
et al. (1999). These models are resolved to depths of 5-7 km. In addition, we have used the
tomographic algorithm of Hole (1992} to produce a 3-D velocity model for comparison.
Reflectivity results (Fuis et al., in review) are compared with our velocity models in an effort to
better establish the depths of sedimentary basins.

Our results from the modeling of active-source data from LARSE2 Line 2, supported by
the USGS, have provided detailed images of the upper 7 km of the crust, in particular along the
high-resolution segment traversing the San Gabricl Mountains. ~ Our model provides valuable
static corrections for reflection processing [Fuis et al., in review] and can be used with laboratory
rock measurements for interpretation {McCaffree Pellerin and Christensen, 1998; Lutter et al.,
1999].

GEOLOGIC SETTING

LARSE Line 2 (Figure 1) crosses the very complex geology of the western and central
Transverse Ranges and the Mojave Desert. The western Transverse Ranges, including the Santa
Monica Mts, San Fernando Valley, Santa Susana Mts, and eastern Ventura basin, are believed to
have rotated more than 90 degrees clockwise since the lower Miocene from a position offshore of
the Peninsular Ranges (Hornafius et al., 1986; Crouch and Suppe, 1993). The Santa Monica Mts,
the southernmost range in this province, is an anticlinorium, exposing Mesozoic igneous and
metamorphic rocks (Santa Monica Slate) in its core similar to rocks of the Peninsular Ranges
(Dibblee, 1992; Crouch and Suppe, 1993). These rocks are overlain by Cenozoic clastic
sedimentary and volcanic rocks that on the south are offset by gently dipping detachment faults.
The whole anticlorium is faulted on the south by the left-lateral/ reverse Malibu Coast-Santa



Monica-Hollywood fault system. The San Fernando Valley, to the north, is a Cenozoic
sedimentary basin deposited on Mesozoic igneous and metamorphic rocks in the south and thrust
beneath Cenozoic sedimentary rocks of the much deeper Ventura basin in the Santa Susana Mts
on the north, (Winterer and Durham, 1954; Yeats 1987; Yeats et al., 1994). Basement depth
determined from oil wells is 1.2-1.5 km in the south and more than 3 km in the north (Tsutsumi
and Yeats, 1999). The San Gabriel fault (SGF), in the Santa Clarita Valleyi, north of the Santa
Susana Mts, is an old branch of the San Andreas fault (SAF) that was active chiefly between 13
and 5 Ma, with offsets of 40-60 km (see summary in Powell, 1993). It separates rocks of the
eastern Ventura basin on the southwest from rocks of the Ridge and Soledad basins on the
northeast. The basins on either side of the SGF have quite different histories (Crowell, 1954,
1962, 1982; Jahns and Muechlberger, 1954; Winterer and Durham, 1954). Although the Ventura
basin to the west extends to great depth, oil wells just southwest of the SGF penetrate a bedrock
ridge at shallow depths of 0.5-3.0 km (Stitt, 1986; Yeats et al., 1994; Dibblee, 1996). The Ridge
and Soledad basins are variously faulted and deposited on crystalline bedrock of the Central
Transverse Ranges (central Transverse Ranges) to the north. These are echelon ranges underlain
by Pelona Schist in the south and by Precambrian igneous and metamorphic rocks and Mesozoic
igneous rocks in the north that have been offset 160 km along the SAF system from similar rocks
in the San Bernardino Mits to the southeast (Matti et al., 1985; Meisling and Weldon, 1989). The
Pelona Schist is separated from the Precambrian and Mesozoic rocks by a graben containing
Cenozoic sedimentary rocks that is bounded on the south by the oldest branch of the SAF system,
the San Francisquito fault (see Powell, 1993) and on the north by the Clearwater fault. The
western Mojave Desert, or Antelope Valley, is underlain by a Cenozoic sedimentary basin as
much as 2.5-3.5 km deep, with igneous and metamorphic rocks exposed on all sides, including a
ridge adjacent to the SAF (Dibblee, 1967).

METHODS AND MODELING

Two-dimensional (2-D) iterative damped least-squares (DLS) and smoothing-constraint
inversion (SCI) methods (Lutter et al., 1999) have been applied to approximately 20,000 first-
arrival travel-times from 64 shots along Line 2. These shots range in charge size from 10-4000
Ibs, providing usable recorded energy to at least 70 km for 25 percent of these shots and to 50 km
for most shots. Model distances for the 2-D inversions were based on the radial distance from
the southernmost shot, about 2 km from the coast. The average trend of Line 2 is 7.5 degrees
east of north. Ray coverage extends to a depth of 10-15 ki for all of the 2-D velocity models.

An initial set of coarse-grid DLS and SCY models were constructed to evaluate model
resolution at depths >3-5 km where fine-grid models are poorly constrained and to provide
starting models for a fine-grid model. Both the DLS and SCI models used a bicubic-spline
paramerization (see Lutter et al., 1999 for details). A total of 372 velocity nodes were positioned
in the coarse grid DLS model at a horizontal grid interval of 7.5 km. This model fit 7500 travel-
times to an average RMS travel-time error of 62 ms. Diagonal resolution values >0.4 extend to a
depth of 5-7.5 km. Segments of the final models (see figure 2) outside of this region (whitened
model areas in figure 2) are poorly constrained for both coarse-grid (not shown) and fine-grid
models. The corresponding coarse-grid SCI model at the same gridding fit the travel-time data to
65 ms and was used as a starting model for the fine-grid DLS inversion due to increased
smoothness.

' "Santa Clarita Valley" is an informal name for the topographic basin surrounding the Santa Clara River in the
vicinity of Saugus and Newhall, CA.



For the fine-grid DLS inversion model (Figure 2a), a total of 915 model parameters were
positioned at a horizontal grid interval of 2.5 km. The vertical grid interval is 1 km at depths
shallower than 2 km below sea level and increases to 2 km at greater depths. The fine-grid DLS
model lowers the RMS error to 53 ms and resolves image detail to a depth of 3-4 km at a model
distance range of approximately 10-110 km. Model details at greater depth do not change
significantly from the coarse-grid DLS model. Consequently, we use the coarse-grid DLS model
resolutions (> 0.4) as a better indicator of model of model reliability in the depth range, 4-8 km.
An alternate fine-grid SCI model imaged comparable model detail and fit travel-time data to 47
ms. This model required 1818 parameters positioned at grid intervals twice as small as the
coarse-grid model intervals. We prefer the fine-grid DIS model (Figure 2a) as the final 2-D
model due to superior resolution at depth.

Three-dimensional (3-D) velocity models were constructed using the method of Hole
(1992) to evaluate artifacts from off-line geometry and to possibly improve delineation of near-
surface detail. The grid-size dimensions formed a box 160 km long (approximately north-south)
by 10 km wide (approximately east-west) by 32 km deep. Three sets of iterated inversions were
performed using constant horizontal and vertical grid intervals per set. Grid interval values used
were 2 km, 1 km, and 0.5 kin respectively. The final model fits over 20,000 travel-times to an
RMS error of 41 ms using 64 shots along Line 2 and also a well-coupled shot in the San
Fernando Valley (shotpoint 9244) 5 km east of Line 2. The central slice from this 3-D velocity
model (Fig. 2b) is aligned along Line 2. The geometry of shots and receivers for the Line 2 fall
within a +/- 2 km offset from the central slice.

MODEL INTERPRETATION AND RESULTS

The final 2-D and 3-D models are very similar in detail. Upper-crustal low-velocity
regions (2-5 km/s) are located beneath the San Fernando, Santa Clarita, and Antelope Valleys,
and high-velocity regions (>5 km/s) are located in the Tehachapi Mts, central Transverse Ranges,
and the Santa Monica Mts (Fig. 2). A mid-crustal velocity contrast between the central
Transverse Ranges and the Mojave Desert is located at model coordinate 70 km, below the
surface of the SAF.

Resolution

The fine-grid DLS inversion model displayed in Figure 2a resolves model detail
(horizontal grid interval of 2.5 km) to a depth of 3-4 km as indicated by the 0.4 contour value.
Al this grid interval only details south of the SAF are well resolved. However, model details
especially within the sedimentary basins are no smaller than 5 km in horizontal extent. At depths
> 3-4 km, the horizontal extent of model detail is on the order of 20-50 km. Model details are
robust especially at depth as evidenced by the similarity of the coarse and fine-grid models
(Figure 2a) and the 3-D model slice (Figure 2b). As diagonal resolutions for the 3-D velocity
model are unavailable, we prefer to use diagonal resolutions from the coarse grid model
(horizontal grid interval of 7.5 km) as an indicator of model reliability.

Our velocity models, along with reflectivity models and oil-well data, provide constraints on
the depth and configuration of sedimentary basins along Line 2. The regions underlying the San
Fernando, Santa Clarita, and Antelope Valleys have low velocities (2-5 km/s) and high velocity
gradients (0.75/s-1.25/s) characteristic of Cenozoic sedimentary rocks in these locations (Stit,



1986; Brocher et al., 1998; Tsutsumi and Yeats, 1999). The base of the regions of low velocity
and high velocity gradient are described as follows: In the San Fernando Valley, this base slopes
gently from ~1-km depth (depths given wrt sea level unless otherwise noted) in the Santa Monica
Mits to ~5-km depth in the northern San Fernando Valley. In the Santa Clarita Valley, it slopes
steeply southward from ~1-km depth on the south edge of the Sierra Pelona to ~3.5 km in the
northern Santa Clarita Valley. In the Antelope Valley, it slopes moderately from the north side of
the bedrock ridge just north of the SAF to ~3 km depth in the central Antelope Valley. On the
north side of the Antelope Valley, it slopes gently southward from ~1-2 km depth at model
coordinate 100 to the central Antelope Valley. These sloping boundaries generally correspond to
velocity contours ranging from 5-5.5 km/s.

Zones of reflectivity can be seen in the vicinity of these sloping boundaries (Fig. 2, heavy
white lines; Fuis et al., in review). These zones of reflectivity have finite widths, ~1 km, and are
stacked reflections from offsets as large as 25 km--and hence wide angles. Without well
penetrations, it is not possible to say exactly what these reflective zones represent--in particular,
whether the bottoms or tops of these zones represent a change from Cenozoic sedimentary rocks
to "basement”. Unfortunately, the 2 basement-penetrating wells closest to Line 2, at 40 and 93
km model coordinates, are just beyond these reflective zones. The well at 40 km is south of the
SGF, whereas the reflective zone in the northern Santa Clarita Valley terminates at the SGF (see
Fuis et al., in review). The well at 93 km is in a region of velocity irregularity in the northern
Antelope Valley, just north of the reflective zone there. Velocity logs are not available for either
well, but they penctrate the 4-4.5 km/s velocity contours in our models. Note that the modeled
depth of the reflective zone in the Mojave Desert, especially the northern Antelope Valley, is
uncertain owing to low-fold of the reflection data.

Rock that has been penetrated by oil wells beneath the Cenozoic sedimentary rocks in all
three valleys is igneous and metamorphic rock, except that Mesozoic sedimentary rock is
penetrated in the western San Fernando Valley and in the Santa Susana Mts (Dibblee, 1967; Stitt,
1986: Brocher et al., 1998; Tsutsumi and Yeats, 1999). One well 6 km east of Line 2, in the
southeastern San Fernando Valley, penetrated quartz diorite at 1.48 km from the surface (Brocher
et al., 1998; Tsutsumi and Yeats, 1999). The sonic velocity of the quartz diorite increased from
4.5 to 5.00 km/s in the 70-m interval of this unit that was drilled, indicating that this basement
rock type has a velocity greater than 5 km/s beneath the Cenozoic cover. Thus, it seems likely, in
view of all the evidence presented above, that the reflective zones and correlative velocity and
velocity-gradient changes in our models correspond to boundaries between Cenozoic
sedimentary rocks and older basement rocks. In most cases, this basement rock is interpreted as
igneous and (or) metamorphic rock, but in the northern San Fernando Valley, where low
densities are observed (Langenheim et al., 2001), Mesozoic sedimentary rocks are also a
possibility.

Through the areas of basement outcrop along Line 2, our models indicate surficial zones
of high velocity gradient extending as deeply as 2 km. The zones are interpreted as regions of
open cracks and weathering (see, e.g., McCaffree Pellerin and Christensen, 1998). Beneath this
surficial zone in the Santa Monica Mts, basement rocks have velocities of 5.75-6.0 km/s,
although this velocity is well resolved in only a small region. The Santa Monica Mts are
underlain by Mesozoic granitic rocks and the Santa Monica Slate. Beneath this surficial zone of
high velocity gradient in the central Transverse Ranges, basement rocks have velocities that
average 5.75-6.0 km/s in the south part of the ranges and 5.5-5.75 ki/s in the northern part. The
south part of the ranges is underlain by Pelona Schist (between PF and SFF, Fig. 2); whereas the
north part of the ranges is underlain by Precambrian igneous and metamorphic rocks and



Mesozoic igneous rocks (between CF and SAF, Fig. 2). Immediately north of the SAF,
basement velocity beneath this surficial zone is 5.25-5.5 km/s, slightly lower than immediately
south of the SAF (5.5-5.75 km/s). However at depths greater than 5 km, basement velocity is
higher north of the SAF (5.75-6.00 km/s). Thus the SAF separates different velocity structures.

The subsurface extension of faults can be imaged in the velocity model (Figure 2) as tabular
low-velocity zones or lateral velocity contrasts; these details must be interpreted in light of
existing geologic and geophysical constraints (Lutter et al. 1999). Lateral velocity contrasts in
the velocity images, especially the 3-D slice (Figure 2b), are consistent with an expected near-
vertical dip for the SAF (see Fuis et al. 2001). A 5-km wide LVZ, positioned at the surface trace
of the SAF is imaged in the upper 2 km of the DLS model (Figure 2a). The LVZ, less obvious in
the central slice of the 3-D model (Figure 2b), is also observed in the slice positioned at 1 km
offset (east) along the geometry of the LARSE II line adjacent to the SAF. At depth, velocity
contours suggestive of a steep boundary between the contrasting basement types of the central
Transverse Ranges and Mojave Desert are imaged in both models. However, resolution of this
dip is poor. The Pelona fault, known to be a high-angle fault dipping toward the Soledad basin
depocenter (Hendrix and Ingersoll, 1987), can be traced to just east of line 2. The Pelona fault in
our models is imaged as a sharp lateral velocity gradient extending beneath Line 2. Finally, a
north-dipping low-velocity zone beneath the southern Santa Susana Mts is centered on the
aftershocks of the 1971 San Fernando earthquake and appears to lie above or north of the NHF
(see Figure 2b). The NHF is interpreted by Tsutsumi and Yeats (1999) and Fuis et al. (in
review) as the southward extension of the San Fernando fault. Thus, this low velocity zone may
correlate with the hanging wall of the San Fernando fault. Perhaps the low velocities in this
region arises from fracturing in the hanging wall; Fuis et al. (in review) show abundant faulting
in this hanging wall from both the 1971 San Fernando and 1994 Northridge earthquakes.
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Figure 1. Fault map of part of southern California showing station positions along the main line
of the 1999 LARSE II. The main line is 150 km long with shotpoint spacing ~1 km in the
southern 80 km of the line and corresponding receiver spacing of 100 m. The northern part of
the line was more sparsely shot and recorded. Stars indicate the positions of the 1971 M 6.7 San
Fernando and 1994 M 6.7 Northridge earthquakes. Labeled faults are: SMF, Santa Monica
fault; SSF, Santa Susana fault; SGF, San Gabriel fault; SFF, San Francisquito fault; SAF, San
Andreas fault; GF, Garlock fault. Locations for oil wells are abbreviated a), Frieda J. Clark #1,
Standard Oil of CA (Brocher et al., 1998); b), Leadwell #1, Standard O1l of CA (Brocher et al.,
1998); ¢), Circle J #2, Mobil Oil Corp. (Stitt, 1986); and d), Meridian Oil (DDibblee, 1967).
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Figure 2. (A) Fine-grid DLS inversion model F1 (see Lutter et al., 1999) fits 7500 travel-times to an
average RMS error of 53 ms. Faults are abbreviated as follows: SMEFE, Santa Monica fault; MHE,
Mission Hills fault; NHF, Northridge Hills fault; SSF, Santa Susana thrust fault; SGF, San Gabriel fault;
PF, Pelona fault; SFE, San Francisquito fault, CF, Clearwater fault; SAF, San Andreas fault; GF, Garlock
fault. The Santa Monica Mts and Santa Susana Mts are abbreviated SMM and SSM respectively. The
approximate subsurface extent of basins are identified as follows: SFVB, sedimentary basins within the
San Fernando Valley, BVB, East Ventura basin; RSB, Ridge and Soledad basins (positioned west and
east of the LARSE II main line, respectively); BC, Bee Canyon basin (subbasin of the Soledad basin);
and the WAB, West Antelope basin. (B) 3-D velocity model (see Hole, 1992; lower panel displays
central slice at 0 km offset from the 2-D model line) fits 20,000 travel-times to an RMS error of 41 ms.
The solid white lines are tops and bottoms of zone of high reflectivity (Fuis et al., in review) interpreted
to delineate the depth extent of basins. Lateral velocity contrasts and a near-surface LVZ positioned at a
model distance of 70 km are consistent with a near-vertical dip for the SAF (see also Fuis et al., 2001, for
dip of the SAF 80 km east). The Northridge (magenta) and San Fernando (red) earthquakes are
superimposed, with focal mechanisms (vertically exaggerated) for the main shocks. These aftershocks
are relocated using a tomographic velocity model of southern CA (Hauksson and Haas, 1997). The
aftershocks plotted are within one month of the mainshocks and within 4 km of the LARSE II line. A
diagonal resolution value of 0.4 from the coarse grid DLS model truncates the color definition of both
models. White rectangles are oil test wells within 1-2 km of Line 2, with labels (see Figure 1) a) Frieda
J. Clark #1 (bottoms in middle Miocene [Topanga] conglomerate), ¢} Circle J#2 (bottoms in “granite”),
d) Meridian Oil (bottoms in quartz diorite).
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FIGURE CAPTIONS

Figure 1. Fault map of part of southern California showing station positions along the main line
of the 1999 LARSE II. The main line is 150 km long with shotpoint spacing ~1 km in the
southern 80 km of the line and corresponding receiver spacing of 100 m. The northern part of
the line was more sparsely shot and recorded. Stars indicate the positions of the 1971 M 6.7 San
Fernando and 1994 M 6.7 Northridge earthquakes. Labeled faults are: SMF, Santa Monica
fault; SSF, Santa Susana fault; SGF, San Gabriel fault; SFF, San Francisquito fault; SAF, San
Andreas fault; GE, Garlock fault. Locations for oil wells are abbreviated a), Frieda J. Clark #1,
Standard Oil of CA (Brocher et al., 1998); b), Leadwell #1, Standard Oil of CA (Brocher et al.,
1998); ¢), Circle J #2, Mobil Oil Corp. (Stitt, 1986); and d), Meridian Oil (Dibblee, 1967).

Figure 2. (A) Fine-grid DLS inversion model F1 (see Lutter et al., 1999) fits 7500 travel-times
to an average RMS error of 53 ms. Faults are abbreviated as follows: SMF, Santa Monica fault;
MHE, Mission Hills fault; NHF, Northridge Hills fault; SSF, Santa Susana thrust fault; SGF, San
Gabriel fault; PF, Pelona fault; SFF, San Francisquito fault, CF, Clearwater fault; SAF, San
Andreas fault; GF, Garlock fault. The Santa Monica Mts and Santa Susana Mts are abbreviated
SMM and SSM respectively. The approximate subsurface extent of basins are identified as
follows: SFVRB, sedimentary basins within the San Fernando Valley; EVB, East Ventura basin;
RSB, Ridge and Soledad basins (positioned west and east of the LARSE II main line,
respectively); BC, Bee Canyon basin (subbasin of the Soledad basin); and the WARB, West
Antelope basin. (B) 3-D velocity model (see Hole, 1992; lower panel displays central slice at 0
km offset from the 2-D model line) fits 20,000 travel-times to an RMS error of 41 ms. The solid
white lines are tops and bottoms of zone of high reflectivity (Fuis et al., in review) interpreted to
delineate the depth extent of basins. Lateral velocity contrasts and a near-surface LVZ positioned
at a model distance of 70 km are consistent with a near-vertical dip for the SAF (see also Fuis et
al., 2001, for dip of the SAF 80 km east). The Northridge (imagenta) and San Fernando (red)
carthquakes are superimposed, with focal mechanisms (vertically exaggerated) for the main
shocks. These aftershocks are relocated using a tomographic velocity model of southern CA
(Hauksson and Haas, 1997). The aftershocks plotted are within one month of the mainshocks
and within 4 km of the LARSE 11 line. A diagonal resolution value of 0.4 from the coarse grid
DLS model truncates the color definition of both models. White rectangles are oil test wells
within 1-2 km of Line 2, with labels (see Figure 1) a) Frieda J. Clark #1 (bottoms in middle
Miocene [Topangal conglomerate), ¢) Circle J#2 (bottoms in “granite”), d) Meridian Oil
{(bottoms in quartz diorite).
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